Complexity evaluation of MOMA: We observe that the proposed structure consists of a CSA tree, which requires D = rlogg/(log,3-1)1 node levels, and a final adder/converter block. The CSA tree has < rpi31D12 nodes (i.e. the area of the triangle containing the tree). Each node consists of two CSAs of n bits and of an 8x n multiplexer. The final MAC has three CSAs and four carry lookahead adders (CLA) of n+3 bits at most and an 8 x n multiplexer.
be obtained as
T-1
This computation can be easily performed using a multioperand modular adder, whose inputs consist of terms x, + I r n . Note that each of these terms can be yielded by rlog,ml AND gates between x, and the bits of 12Im. Therefore iAm can be evaluated by means of a multioperand modular adder as in Fig. 2 , with r inputs, each n bits wide.
As far as response time T,,,, is concerned, it can be derived from e n. 1 replacing p by the length r of X and giving h the value rl og,m 4 +3 ( Fig. 3) , i.e.
+ ~C S A + ( 4 b g , ( b g , ml + 3)l + t n / l u x ( a x n ) ) ( 2 ) To evaluate the performance of this conversion approach in a specific case, we choose the value r = 128 and observe from Fig. 1 that tcsa = 6Ag and t, , , (, , ) = 2&; then eqn. 2 becomes log, 128 -1 ( 2 x 6 + 2) Tconv = [ log,3 -1 1 + 6 + 2 + 4[log4( [log, ml + 3)1 + 2 6 0.58 -x 14 + 10 + 4riog,(pog, + 311 2 155 + 4 [iog, ( [log, + 311 Considering the worst case m = 2Iz8-1, it results that T,,,, = 155+4x4 = 171 Ag. In terms of complexity, m = O(2) and therefore Tc0,, = B(log,r).
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A set (x, 2,) that exists only over C, arid radiate fields p,,,
pn.
With these sets of sources, the reciprocity theorem [4] for a linear and isotropic medium is where I?; and *, the components of the scattered fields tangential to the scatterer boundary, account for the fact that and 2, represent surface currents. eqn. 1 is the integral equation formulation of the ME1 @E-MEI).
Fig. 1 Boundary meshing of scatterer for IE-MEI
For simplicity, only the discretisation for 2-D problems will be presented. The boundary C and its portion C, are discretised into Nand M segments of equal length h, respectively. Let C, be centred at node n of C Fig. 1 . The currents J', and A?, are expanded along C,, into M pulse basis functions. If we define = hJ', (ln e , ) and + n nem = h&?n (I, No. 1 23
which is the discrete version of the IE-MEI. Assuming that R,, is zero, in two dimensions we have ). This fact suggests that if we know P 2 2M -1 linearly independent scattered field solutions (called 'measuring functions') owing to P different incident fields, forcing eqn. 3 for each mesh node n we can obtain a set of an,nem and b,,,, coefficients. This set of coefficients will also satisfy eqn. Since the tangential component of the electric scattered field is known along the object boundary, '] , we can obtain the electric induced current as
Numerical considerations: The following set of metrons has been used to obtain the results presented in this Letter:
These are harmonic functions along the scatterer boundary C to the order P = kR,,x, where &,, is the radius of the smallest cylinder enclosing the scatterer and x is a coefficient slightly larger than one. Typical values of x range from 1.05 to 1.30. In our experience, this set of metrons guarantees a small residual for twodimensional problems when the PEC scatterer is a convex cylinder. With regard to the number of nodes M in the linear relation eqn. 3, the best results are obtained with M 2 5, although the best trade-off between computation time and accuracy is achieved with M = 3.
The memory requirement of our implementation of the IE-ME1 in MATLAB 4.2 language is -9.5 N complex numbers for a linear relation involving M = 3 boundary nodes. This means that for each megabyte of available memory the IE-ME1 method can allocate 6900 unknowns.
For each unknown at the mesh truncation boundary, the number of operations is in principle proportional to P times the number of integration points at the boundary, Q. In our case, Q = N. However, it is noted that the field, owing to the metrons, as in eqn. 6 is a Fourier transform. For example, the electric field in the TM case is and similar relations exists for the TM magnetic field and for the TE case. Therefore, if the boundary samples are equally spaced, the FFT algorithm can be used and the total number of operations is proportional to NQ log, Q. In that case, it grows with frequency as fZ log,$ usually simplify the development of current transfer functions owing to the multiple current outputs. In this Letter, a new current-mode filter structure based on the DO-OTA is described. (ii) Highpass filter: Substituting the admittances specified in the 2nd row of Table 1 into eqn. 1, and letting C1 = C2 = 1 F and gl = g2 = g3 = g, a highpass filter is obtained as shown
-

Gs2
I,,
This filter has the following design equations:
(iii) Bandpass filter: Substituting the admittancm specified in the last row of Table 1 into eqn. 1 and using C1 = C2 = 1 F and gl = g2 = g3 = g, a bandpass filter is obtained as shown
This fdter has the following design equations:
Experimental results: At the simplest level, the transconductance amplifier of Fig. 1 can be replaced by a single bipolar transistor, since the various filters (lowpass, highpass and bandpass) are obtained using only one of the differential inputs of the transconductance amplifier. The required G of the amlplifier is set up by the resistor RE, where G = l/(RE+re). Using this simplification, and setting up the required currents, the lowpass DO-OTA based filter is shown in Fig. 2 . The transistors TR2 and TR3 form a current source to supply the required feedback and output currents, while TR4 and TR5 mirror the current in TR1 to provide an output. To simplify the testing of the filter, it is more convenient to work with voltages than currents and for this reason, transistor TR6 is used. The gain of this circuit is RJR,. The circuit of Fig. 2 was constructed using TPQ6502 npnipnp transistor arrays, passive components with 1 YO tolerances and k12V supplies, to realise a second order lowpass with Q = 10 and Fo = 30kHz. Fig. 3 shows the practical results obtained, in which the measured Q and F, were found to be in error by only 1 and 0.5%, respectively. To investigate the high frequency performance of the proposed structure, a Butterworth lowpass fdter with a cutoff frequency of 1 MHz was implemented. The practical frequency response of the fdter is shown in Fig. 4 , where the measured cutoff frequency was 0.997MHz. Finally, highpass and bandpass DO-OTA based filters were also built and found lo perform well in practice.
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